Objective: To describe the effect of cholinesterase inhibitors (CEIs) on the natural course of Alzheimer's disease (AD). Methods: The short and long term effects of CEIs were evaluated in 135 patients with probable Alzheimer's disease relative to 135 patients who were never exposed to CEIs matched by age, education, duration of the symptoms, and cognitive status. We measured 1 year change in cognitive and functional performance, and the likelihood of arriving at each of four end points: (1) mini mental state examination (MMSE) of 9 or lower, (2) Blessed dementia rating scale for activities of daily living of 12 or higher, (3) nursing home admission, and (4) death, over an average 3 years of observation (36.7 (SD 21.5) months). Results: Patients on CEIs were better cognitively and functionally after 1 year compared with those patients who never used CEIs. A proportional hazard analysis with CEI use as a time dependent covariate showed that the use of CEIs decreased the risk of nursing home admission. There was no association, however, between use of CEIs and time to cognitive and functional end points, or to death. Conclusions: This observational study showed that there was an initial cognitive and functional benefit from the use of CEIs in Alzheimer's disease, which waned as the disease progressed. However, the results suggest that there is a long term beneficial effect of the use of CEIs, as indicated by the delay in adsmission to nursing homes.
C holinomimetic drugs constitute the first line of treatment for Alzheimer's disease (AD), and cholinesterase inhibitors (CEIs) were the first medication approved by the US Food and Drug Administration for the treatment of cognitive deficits in Alzheimer's disease. [1] [2] [3] [4] The CEIs have proved effective in slowing down apparent clinical progression in 12, 24, and 30 week placebo controlled trials, 1 3-8 and some studies have shown that there is no loss of benefit after 1 year of treatment. [9] [10] [11] [12] Moreover, extention studies of placebo controlled trials have shown that the effects of CEIs may last more than 1 year. 13 14 However, although little is known about the longer term effects of CEIs, there are a few studies that have suggested that they can alter the natural course of Alzheimer's disease. For example, patients receiving high doses of tacrine (>80 mg/day) during a 30 week randomised, double blind, placebo controlled study, were less likely to have entered a nursing home after 2 years than those receiving low doses. 15 Most of the present efficacy data on CEIs are derived from placebo controlled trials. However, as the use of these compounds becomes more common, especially by primary care physicians, understanding the efficacy of these drugs over a longer period becomes increasingly important. The purpose of the present study is to describe the effects of CEIs on the natural history of the disease in a non-selected cohort followed up for an average of 3 years. We report here the short and long term effects of open label CEI use on the traditional milestones of Alzheimer's disease (time to severe cognitive and functional decline, entry into a nursing home, and death) in a large group of patients with probable Alzheimer's disease.
MATERIAL AND METHODS
The patients of this study were selected from a cohort of 1094 16 patients with probable Alzheimer's disease who were recruited into the Alzheimer's Disease Research Centre at the University of Pittsburgh between April 1983 and June 1999.
Two hundred and four patients (19%) in the centre took CEIs at some point during their follow up, and from this group, we selected only those (n=135) who had at least one follow up evaluation 9 -14 months after they began taking CEIs (mean 12.44 (SD 2.0) months), and who continued taking the CEIs until the last contact with our clinic. Patients who were exposed to medication for a short period were not entered in this study. One hundred and thirty of the treated patients took donepezil, 22 tacrine, and six rivastigmine. Twenty two of these patients took part in CEI drug trials (donepezil, rivastigmine). Except for three patients who died before 1997, all patients taking tacrine were switched to donepezil when this medication became available. Two of the six patients that participated in the rivastigmine trial had a marked benefit from this drug, and continued on compassionate use. The other four patients continued on donepezil when the study was completed.
The data from these treated patients were compared and contrasted with those of 135 patients from the same cohort who were never exposed to CEIs. These patients were matched on a 1:1 basis to a treated patient for age, education level, duration of symptoms, mini mental state examination (MMSE) score, 17 and date of study entry (±3 years). Each participant in this observational study received an extensive neuropsychiatric evaluation including medical history and physical examination, neurological history and examination, semistructured psychiatric interview, and neuropsychological assessment, and the results were reviewed at a consensus diagnostic conference. 18 19 The inclusion and exclusion criteria are shown in table 1.
Dementia criteria
The diagnosis of dementia was based on a progressive cognitive deterioration, in the absence of reversible causes of cognitive impairment, and history of normal intellectual function before the onset of cognitive abnormalities. Patients were required to have impairments in two cognitive domains, which did not necessarily include memory. 16 The sensitivity for Alzheimer's disease is 98%, and specificity 88% at the Alzheimer's Disease Research Centre of Pittsburgh. 18 19 Psychiatric evaluation Psychiatric evaluations were conducted by geriatric psychiatrists using a semistructured interview with the patient and their primary care giver(s). 20 The Consortium for the Establishment of a Register for Alzheimer's Disease Behavioural Scale, 21 and the Hamilton depression rating scale (HDRS) 22 were also completed by the psychiatrists on the basis of data from each patient and primary care giver. The diagnosis of major depression was made according to the diagnostic and statistical manual of mental disorders, fourth edition (DSM-IV) criteria. 23 Delusions were defined in accordance with the DSM-IV and were distinguished from confabulations, disorientation, and amnesia by requiring the endorsement that false beliefs persisted despite evidence of the contrary. Details of the clinical criteria for the diagnosis of depression, delusions, and hallucinations have been described previously. 24 
Neurological evaluation
The neurological examination was performed by both a neurologist and a physician's assistant trained in the medical examination of demented patients and elderly people. 25 The extrapyramidal signs (EPS) were rated using individual items of the New York University scale for parkinsonism, 26 which includes: (1) resting and postural tremors; (2) rigidity of neck, arms, or legs on passive movements of major joints; (3) bradykinesia; (4) postural instability, (5) abnormal gait; and (6) dyskinesia (for example, limbs, face, tongue). A patient was considered to have EPS when at least one of the signs listed above was recorded.
Outcome measures

Functional assessment
Functional capacity was assessed with the Blessed dementia rating scale (BDRS) for activities of daily living. 27 We used a BDRS score of 12 or more as the end point, which represents a moderate to severe functional impairment.
Global cognitive function
Global cognitive function was assessed using the MMSE, 17 and an MMSE score of less than 9 was used as the end point because it represents moderate-severe dementia.
Institutionalisation
We considered nursing home admission to have occurred when the patient was admitted to a nursing home regardless of the level of care (for instance, personal care facility, healthcare facility). 
Statistical analysis
Cox proportional hazard models were used to determine the relation between CEI use and the outcome measures, while adjusting for possible confounding variables such as education, age, baseline MMSE (dichotomised as <19 or >19), and BDRS (dichotomised as <6 or >6) scores, and sex. Because many patients were given CEIs during follow up, the overall effect of CEIs on the outcomes was assessed as a time dependent covariate. These indicator variables were included in the stepwise selection procedures. Once a model was selected, the proportionality of the hazards was assessed using a time dependent variable for each factor in the model. No significant deviations from proportionality were noted. For those patients not reaching an outcome (for example, death) the data were censored using the date of the last contact.
RESULTS
The baseline demographic and clinical characteristics of the patients are described in table 2. Patients who never used CEIs were followed up for a slightly longer period, and had a worse Mattis dementia rating scale (MDRS) 28 and BDRS for activities of daily living scores than those taking these drugs. The proportion of men and women was similar between groups, and there was no statistical differences for MMSE, clinical dementia rating (CDR), 29 Hachinski rating scale (HRS), 30 HDRS, and the New York University scale scores. Table 3 shows the medical, neurological, and psychiatric characteristics of the patients. There were no differences between groups in the rate of extrapyramidal signs, psychosis, major depression, hypertension, diabetes mellitus, ischaemic heart disease, pulmonary disease (for example, chronic obstructive pulmonary disease), and strokes. However, patients who never used CEIs were more likely to take antipsychotic medication at baseline and at follow up examinations.
Baseline versus 1 year follow up
The scores on the MMSE and BDRS scales were analyzed with a two factor (drug and time) analysis of covariance (ANCOVA) in the 270 patients, using age and education as covariates. For the MMSE there was a significant effect of time (F(1,266)=0.69.3, p<0.0001 ), but not of drug use (F(1,266)=0.906, p=0.34). There was a significant difference in the rate of change in the MMSE between the CEI users and untreated patients (F(1,266)=4.49, p=0.03) (MMSE scores at follow up: CEIs users=16.3 (SD 6.2) v never used CEIs=14.8 (SD 6.3)).
The BDRS was administered to all patients at baseline. However, due to a temporary change in the study protocol, 1 year follow up data were available on 84 patients in the nondrug group, and 125 in those taking CEIs. The within patient ANCOVA found that for the patients with both baseline and 1 year follow up scores, there was also no significant effect of time (F(1,205)=1.93, p=0.16), but the CEIs users had significantly lower scores than the untreated patients overall (F(1,205)=7.83, p=0.003) (BDRS scores at follow up: CEI users=4.7 (SD 3.3) v never used CEIs=7.3 (SD 4.3)). More important, however, was the fact that there was a significant difference in the rate of change in the BDRS between the users of CEIs and untreated patients (F(1,205)=14.6, p<0.001).
Survival analysis
There was a greater proportion of patients who never used CEIs reaching the four end points than those who used CEIs (table 4). The adjusted Cox proportional hazard model, which controlled for the effects of age, education, duration of symptoms, and baseline BDRS and MMSE scores, showed that CEI use was significantly associated only with a reduction in the risk of entry into a nursing home (RR=033, 95% CI 0.57-0.70, p=0.004); no association was found between CEI use and time 31 we would expect an annual 3-4 point decline in the MMSE scores in untreated patients. However, among the treated patients the mean decline was significantly smaller (2.5 points). More importantly, there was a long term benefit of CEI use by delaying admission to a nursing home. Among the untreated patients, more than 40% were admitted to nursing homes during the 3 year follow up interval, versus only 6% of the treated patients.
The treatment of Alzheimer's disease must necessarily focus on the fact that it is a gradually progressive neurodegenerative disorder, and the efficacy of its treatment is best measured over long time periods-that is, alterations in the natural history of the disorder. Whereas short term benefits in cognitive and functional competence with CEI use are to be expected, [9] [10] [11] [12] it is the longer term outcome (the delay of entry into a nursing home) that demonstrates the powerful effect of these drugs. 15 This suggests that physicians must be cautious in judging the medication response after only a few months of treatment, as the full benefits of CEI use take place over a longer time frame. Indeed, even reports of "change" by the family should be viewed as treatment success.
Our results are consistent with those of Knopman et al, who found that patients with Alzheimer's disease who used tacrine at more than 80 mg/day, and remained on the medication for about 2 years, had lower risk of nursing home admission than those who either discontinued the treatment or continued on lower doses. 15 In addition, that study also reported a trend towards decreased mortality. However, these were patients who were participating in a clinical trial, and who were relatively healthier than those who did not meet entry criteria, which may have accounted for the findings. In our study, by contrast, there was no such selection bias between groups, and consequently, the rates of systemic illness were similar in patients taking CEI and those not taking medication. Furthermore, the presence of EPS 25 and psychiatric disorders (for example, psychosis), 32 both of which are known to affect progression in Alzheimer's disease, did not differ between groups. Therefore, the differences in the rate of response cannot be attributed to these factors.
The fact that the use of CEIs delays time to nursing home admission and does not affect physical survival has important scientific and public health implications. The CEIs seem to allow the patients to maintain relatively normal activities of daily living for a longer period of time, but do so without significantly prolonging life. Given the significant delay in entry to a nursing home, we would have predicted an increase in functional (BDRS) or cognitive (MMSE) survival, as well. However, the fact that we did not see a protective effect on functional or cognitive outcome, suggests that these scales, at least, did not capture properly the aspects of the syndrome that affected the decision to admit to a nursing home. Further studies with more complete neuropsychological and functional assessment may disclose what specific cognitive or other function(s) have been affected by CEIs.
Observational studies are different from placebo controlled studies in that the placebo controlled studies were designed to test the efficacy and safety of CEIs in a group of patients with few comorbidities (for example, major depression, psychiatric medication use, uncontrolled cardiovascular disease), and over a short period (for example, 12-30 weeks); often, this was followed by an open labelled period to determine the long term effects of CEIs. However, none of these studies took into account events that may have occurred during the the open label phase, such us development of psychiatric symptoms, use of psychiatric medication, strokes, or neurological symptomatology. Moreover, these studies have been shown to have a high attrition rate. For example, only 45 of the 398 patients examined in the open labelled, multicentre, study of donepezil completed the 144 weeks of follow up, 13 and 111 of 431 completed the 1 year placebo controlled study of preservation of function survival of donepezil. 12 By contrast, observational studies focus on the factors that can modify the natural history of the disease. Therefore, they can provide a more "real world" perspective of the long term effects of the CEIs, and represent reasonable second tier evidence of drug efficacy. They can also take into account events that can affect the study outcomes; in this study, patients who were never exposed to CEIs used more antipsychotic drugs, at baseline and at follow up, than those who used CEIs. The use of antipsychotic drugs has been associated with increased risk of functional and cognitive decline and admission to a nursing home, 32 33 and the use of sedative/hypnotic drugs with death. 32 However, after controlling for the use of these drugs, the results of the survival analysis remained unchanged.
The patients that were not treated with CEIs in this study were different from those enrolled in the placebo arm of placebo controlled studies. Our patients never intended to use medication, at least until their last clinic contact or death. Some patients were afraid of the side effects (for example, hepatotoxicity, nausea, vomiting), especially with tacrine, a fear that persisted even after the introduction of the new CEIs with fewer side effects. In addition, because of the lack of information about long term efficacy of CEIs, many care givers as well as family physicians had a nihilistic view of the palliative treatment of Alzheimer's disease, and did not favour their use. This attitude, seen in the 1990s, towards Alzheimer's disease medication has been gradually disappearing, and now most of the patients with Alzheimer's disease seen in referral clinics are taking CEIs. Indeed, as noted here, and in recent studies of long term efficacy of CEIs, the use of these medications can alter the natural history of the disease. Therefore, the availability of a historical cohort gave us the opportunity to compare the long term benefits of CEIs between two a distinct groups of patients. Studies such as this will be very difficult to perform in the future when most of the patients will be taking at least one medication for Alzheimer's disease. An understanding of the natural history of a neurodegenerative process has important medical and social implications. Researchers have focused their attention on how predispositional factors affect progression of Alzheimer's disease (for example, cognitive and functional decline, time to institutionalisation, and death); age at symptom onset, education, and sex can all affect progression, especially the time to death, or admission to a nursing home. The present study shows that the introduction of medication to treat Alzheimer's disease can alter important outcomes in the natural course of the disease. Further research is needed to identify those patients who do not respond to CEIs, why they do not respond, and how best to treat this subgroup of Alzheimer's disease.
ADDENDUM
Although the BDRS was routinely completed at study entry, due to manpower limitations it was sometimes omitted at 1 year follow up. This was not based on patient characteristics, and thus, the missing data are considered random. The data presented in table 2 and in the text are from all patients providing data. The results of the ANCOVA shown here are taken only from the patients with two BDRS scores, 1 year apart. From both sets of data it is clear that the BDRS scores of the untreated patients rose (more impaired), whereas those of the treated patients, at worse, did not change over 12 months. The Cox proportional hazard model was developed using the data of 270 patients, since they all had the opportunity to provide more than one BDRS score.
